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HYDRAULIC PIPE STRING VIBRATOR
FOR REDUCING WELL BORE FRICTION

PRIORITY
This application claims prierity 1o U.S, provisional application Serial No. 62/008,279

tiled Juane 5, 2014 enttled “"Hydranlic Pipe String Frictton Reducing Apparatas”, the entire

content of which 1 incorporated by reference.

FIELD QF THE INVENTION

This invention periains to downhole equipment for oif and pas wells,  More particularly,
it pertains to a hydraulic pipe string friction reducing apparatus for use on a wellbore pipe string
such as a dnllstning or a coil tubing siring and, wore particuaiarty, this mvention relates to an
apparatus for mducing a vibration 1o a pipe string to reduce the coetlicient of friction between

the pipe string and the wellbore.

BACKGROUND OF THE INVENTION

During the advancement or manipulabion of a pipe stving in a wellbore such as a
drillstring or a coil tubing string, it is often prudent to jar, vibrate, or oscillate the pipe string as
an aid in overcoming frictional forces between the pipe string and the mterior surface of the

wellbore,  Vibrations convert static frictional forces to kinetic fnctional forces.  For this

apphication, a device or apparatus incorporated with a wellbore pipe siring to indace pipe string

vibration s called a Friction Reducing Apparates and will be referred to as a "FRA™.
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A FRA may utilize reciprocating impact elements that move back and forth along the axis

of the pipe stnng and which rely upon the mass and velocity of the reciprocating impacting

clement to produce pipe string vibratton. A FRA may alse employ eccentrically weighted
rotating masses, cccentnic shafts or rods, or wtatable mmpact elements that rotate about the
longitudinal axis of the dindl or pipe string to sirike an ympact anvil to apply a rotational or
torsional vibration to the pipe string. A FRA with these types of imipact elements typically only
cenerates vibration gt g locghized segment of the pipe string,

A FRA may also utilize Moineau power sections such as those vsed m downhole mud
motors or pumps to induce pipe string vibration. Momeae power sections usually have sealing
mechanisms comprismg rubber or rubber-tike elastomers. The rubber or rubber-like elastomers
of these scaling mechanisms are subject to deterioration over time due to the effects of wellbore
temperatures and pressures, drifting fhuids, wellbore chemicals, and contammants or debnis i the
weilhore.

Many drilling and work-over operations utilize downhole tools or devices incorporated
ont the pipe string and ran mto the weltbore, Otften an object, generally a ball or dart, pumped

through the pipe string from the well surface, activates these downhole tools and devices. The

balls or darts are used {o close off ports or shift sleeves or pistons. The typical FRA has no direct

circulation path or other means to allow a ball or dart to circulate past the FRA to a tool
positioned on the pipe string further downhole. Consequently, a ball or dart cannot be circulated
through the tvpical FRA further down the pipe string. I such a downhole tool or device 18

utilized on the pipe siring, the FRA must be removed before a ball or dart activated tool 13 used
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on the pipe sinng requiring at least one additional trip into and out of the wellbore which 1s time

consuming and costly.

Because of the disadvantages associated with a tvpical FRA, there is a need for a pipe
string FRA that will mduce vibration 1o a larger percentage of the pipe stuing, or the entire pipe
string, without being susceptible (o the pegative effects of lemperature and pressure and other
factors associated with a wellbore environment. There 13 also a need for a pipe string FRA and

thiat will allow the use of the FRA in conjunction with a balt or dait activated downhele tools and

needs. The FRA disclosed s comprised of a tubular housing retaming mterconnected upper and
lower stationary tubular mandrels, each having a longitadmal fhid bore. The tubular housimg
has attachment threads at each end for attachment to a pipe string, coil tubing string, or the Bke
and a central bore through which fluid may be mreduced. The flowd mtroduced through the
housing central bore may be a hiqaud, gas, or a combination of hquid and gas.

positioned reciprocating tubular shifter and a concentnically positioned reciprocating tubular
valve. The tubular valve and the tubular shifter are slidably engaged upon the upper and lower
mandreis and with cach other so the tubular valve and the wbalar shifter may transiate or move

upward and downward along the upper and lower mandrels mdependently of gach other or

together.
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The intercomnected upper and lower tubular mandrels, the reciprocating shifter, and the
reciprocating valve are provided with a plarality of radial flow ports and are positioned within

the housing to provide a plurality of lmearly spaced fluid channels and annular spaces. These

flrd channels and annular spaces direct flud flow through the FRA. This thad flow translates
the shifter and valve upward and dowmward along the mterconnected upper and lower mandrels.
A How-hmting device may be positioned near the lower end of the longitudinal thad

bore of the lower mandrel. This flow-lanting device may have an integral longttudinal fluid bore

pressure in the FRA

For operation, fhuid introduced mnto the central bore of the pipe string circulates through
the central bore of the tubular housing and into the longimudinal bore of the upper and lower
mandreis. A magjority of the fluid entening the longitudinal bore of the mandrels fravels out of
mandrel through a set of the hoearly and radially spaced mandrel {lind passages near the upper
end of the upper mandrel mto the annulus between the mnside bore of the outer housing and the
cuter surtace of the shifter. A smaller portion of the thuid extening the longitudingl bore of the
mandrels travels throngh a set of hinearly and radially spaced mandrel fluid flow ports away from
the upper end of the upper mandrel to provide fluid to the valve. The final portion of Auid will
travel directly through the longitudinal bore of both mandrels to exut the lower end of the lower
mandrel. The longitudingt bore gt the lower end of the lower mandrel may include a longitudinal
bore restriction such as g dnlled hole, orifice, nozzie, or the hke. The miroduced Hluid then

The restriction m the longitudinal fluid bove of the lower mandrel creates a known increase in



)

1

24

CA 02950376 2016-12-01

WO 2015/188155 PCT/US2015/034573

pressure within the interconnected upper and lower mandrels. This known presswre is

transmitted mnto the mandrel ports and passages i {luid communication with the valve.

The valve and shifter reciprocate upward and downward in relation to each other and in
retation to the upper and lower mandrels based upon the proper placement of the passages and
ports of the upper and lower mandrels, valve, and shifter. When the valve slides to its lowermost
position, the lmearly and radially spaced mandrel flind passages are substantially open. When

the valve shides to s uppermaost posiiton, the set of hnearly and radiglly spaced mandret furd

passages are substantially closed.

The opening and closing of the linearly and radially spaced mandrel fhud passages
mcreases and decreases of fluid pressure in the FRA, which n turn causes pressure fluctuations
column pressure fluctoations or pluses cause the pipe sirmng, or coil tubing, to oscillate or vibrate
and convert the siatic friction between the outer surface of the pipe string and the mnterior surface
of the wellbore to kinetic friction. Because kmetic frictional forces are far sinaller than static

frictional forces, the reduction of these frictional torces allows an operator 10 extend the pipe

string further inte a wellbore, particudarly a horizontal wellbore, while remaining within the

mechanical and physical limitations of the pipe string.

Increasing and decreasing the pressures of the Huid colummn within the pipe string with
the FRA 18 simdar to placmg a kink m a water hose then suddenly releasing the kink m a
repeated fashion, The process is simlar to the pulses created m a water pipe due to the opemng
and quickly closing of a water faucel. I the faucet 18 suddenly closed, a pressure wave or surge

i1 the fluid o the pipe will vibrate and rattle the pipe. This phenomenon 1s sometimes called the
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3

“fHluid hammer effect™ The FRA disclosed does not close or shut off the Huid Sow through the
FRA as in the examples above, but restricts the flow enough 1o cause the same vibrational effect.
Or WOrkover operations ¢an cause an unsafe fhad pressure increase m the pipe string.  In the
disclosed FRA, fhuid flow 18 not closed becaunse the circulating pipe string fluid Howing or
traveling through the ner mandrel and through the restriction at the mner mandrel lower end
mamntams sate Hutd pressures i the pipe sttmg.

The new FRA may be configured so the longitudinal fluid bore restriction of the flow-

The new FRA may also have a flow-limiting device that detaches from the fluid bore of the
lower mandrel at a predetermined pressure to move downstream and serve as a dart or ball 1o

activate downhole tools and devices.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 15 a longitudinal cross-section view of the FRA with the valve and shifter m
arbitrary postions.

FIG. 2 is a longitadingl cross-section view of the FRA with the valve in the lowermost

position and shifier in the uppermost postion.

FIG. 3 is a longitudinal cross-section view of the FRA with the valve and the shifter in
the lowermost posibions.

FIG. 4 15 a longitndinal cross-section view of the FRA with the valve in the uppermost

position and shifter in the lowermost position.
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FIG. § is a longitudinal cross-section view of the FRA with the valve and the shifter in
the upperniost positions.

FIG. 6 15 a longitadinal cross-section view of an embodiment of Now-linuting device.

FIG. 7 s a longitudingl cross-section view of a second embodiment of How-hmuting
device.

FI(G. 8 1s longitudimal cross-section view of a third embodument of How-himisting device.

FIG. 9 15 an elevation view of the FRA connected to a pipe string 1n a vertical wellbore

DESCRIPTION OF THE EMBODIMENTS

FIGS. 1 - 3 show an embodiment of the FRA (10} of the present invention. As shown in

FI1G. 9, the FRA (10) is configured for threadable antachment to a pipe string (P) deployed in a
wellbore (WHB). The pipe stting {F) has a central bore {B) through which fluid {F) mav be
miroduced and circulated. The FRA {10} 18 positioned on and threadably attached to the pipe
string (P} with the FRA (10} extending longitudinally along the axis of the pipe stning (1)

FRA {10} 18 comprised of a tubular bousing {25) having an upper end {15) and a lower
end 12{)‘3 and has an upper threaded connection (30} and a lower threaded connection (35) to
atlow FRA (10) to be threadably attached to the pipe string (P} as shown in Fig 9. The upper
end of the tubular housing (25} has a central bore {(60) and lower end has central bore {65) that
are m thad communication with the central bore {B) of the pipe string. Tubular housing (25} 1
ilustrated as a single component bat 8 may incluode a plurality of mdividual components
ithreadably or otherwise connected to each other.

Positioned within the housing (25} 18 a stationary upper mandrel {4{?} threadably

connected at connection (170) to a lower mandrel (43), & concentrically positioned reciprocating
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tubular shifter {35 that s shdably engaged avound a concentrically positioned reciprocating

tebular valve (50). Both the shufier (35) and the valve (30} are shidably engaped around the

shoulder {245) and a longuudinal flad bore (175} 1w commumeation with fluid bore (60} of the
upper end (13) of tubular bousing (23). Lower mandrel (45} has a lower shoulder (250}, a
longitudinal fluid bore {180} i commumucation with fhad bore (63} of the lower end (20} of
tubular housing (25}

A tubular flow-limuing device (140) 15 positioned m fhwd bore (180} of the lower
mandrel (433 The flow-limuting device (140} may have a restiicting orifice {1503, The flow-
liniting device {140} may be affixed in position within fluid bore (188) by shear screws or pins
{1435) as shown or it may be affixed m position 1 fhud bore (180) by attachment threads or other
suiigble means of attachment. When the flow-limmting device {140} 15 held m place by shear
screws {1435) as shown, the How-hmiting device (140) may serve as a dart to activate other tools
running below the FRA. The lower mandrel (45} may also be manufactured with flow restricting

ortfice (150} mcorperated axo g single part eliminating the need for a separaie component.

« .

Housing (23), reciprocating tubular shifter (33}, and rECIDIOG ating tubular valve (30“} are
posttioned around stattonary upper mandrel (401 and lower m andrel (45} to create an annulus
{130} between the intenor wall of housmg (25) and the extenior wall of shifter {35}, a
tongrudingl fhad pathway (273), and longitudinal cavities {95) and (115) between valve {50)
and shifter (85} This positroming will also create a irst annolar cavily (300} between the lower

shifter (33}, a first longitadinal cavity (153} between the lower mandrel (43) and the valve (58},

and a second longitudinal cavity (160) between the uppéer maundrel (40) and the valve {30},
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Shifter (35} has a plurality of radially extending flow ports (100} and (110} extending to

annudus (130}, a lower abutiment shoulder {2633, an upper abutment shoulder (2833, and a

plorality of radial fluid ports (120) 1o provide recurring fluid communication with longitudinal
cavity {112) between valve (30} and shifter (35). Valve (30} has a lower shoulder (260) that 18
slidably engagable with lower shoulder (205} of shifter {535} and an upper shoulder {290) that 15
stidablv engagable with upper shoulder (285} of shifter (38}, Valve (80} also has a plarahity of
rachially spaced fluid ports (105) that extend between the tirst annular cavity {300) and the second
annual cavity (305) and a plurality of radial Beid pors (90 1o provide recorring fuid
comumpnication with longitudimal cavity (95) between valve {50} and shifter {35}

Upper mandrel {40} also has a plurality of radially spaced fluid fHlow passages (75)
extendmg from longitudinal thud bore (175) of upper mandrel {40} to annulus {130} and g
plurality of radially spaced fhud flow ports {225) extending from longitudinal flusd bore (175) of
apper mandrel (H) to reciprocating valve (50}, Lower mandrel (43} has a plurabity of first
radtally spaced fluid ports {(230) and a plurality of second radial fluid passages or ports {235)

extending from the longiuding! luid bore (180 of lower mandrel {43} o reciprocating valve

(50). Lower mandrel (43) also has a plurality of lower radially spaced floid exat ports (13

extending from Jongitudinal fluid bore (180) that are in communication with fluid bore (63} at
the lower end {20) of tubular housing {25}

Referrmg to FIG. 3 and FIG. 4, dunmg operation of FRA {10}, fld (F) in FRA (10) wall
travel through Hud ports {230} of ower mandrel (43) mto cavity {300} where 1t then travels

through ports {103} mto cavity {(303) of shufter (55) and then mio longilundinal pathway (275)

between shifter (35} and valve (30}, The pressunized thud will separate shoulder {2535} of valve

{'Sﬁ-} from shoulder (258} of lower mandret {45} mov mg valve { 303 upwards, When valve (‘?{?}



)

i)

240

CA 02950376 2016-12-01

WO 2015/188155 PCT/US2015/034573

travels upwards, shoulder {260) of valve {50} contacts shoulder {265} of shuifter (35} (o wmove

shifter {55} upwards as well. As valve {50) moves upward, flud 13 displaced from cavity {(160)
through ports (280) and (100} 1o annulus (1303

The apward movement of both valve (80) and shifter {33) continues unti] shoulder (240)

of valve (50) contacts shoulder {245} of upper mandrel (40}, as shown in FIG. 4. Countact of

valve shoulder (240} with upper mandrel shoulder {245} will close How passages {73} in the
upper mandrel (40).  When the How passages {75} are so clesed, the upstream pressure m pipe
(P will increase. Flow passages (75) will remam closed until such time that shifter {23} travels
upwards hdly and wntdl valve (50} moves back downwards.

When shifter (33} travels upwards fully, shoulder (238} of valve (30} is coincident with
shoulder {250} of lower mandrel (43) and shoulder {2835} of shifter (55} s coincident with
shoulder (290} of valve (50) as shown m FIG. 5. At this pomnt, fluid wall travel through port
{225} of upper mandrel (43) mto ports (90} of valve {3{) thereby pressurtzing cavity (935} and
forcimg shifter {35} to travel downwards. Shifter {35) will ravel downwards until shoulder {(265)
of shifler (35} contacts shoulder {260} of valve (303, as shown in FEG. 3
{175} of upper mandrel (40) and exits throagh the plurality of fluid flow passages {75) o travel
downward through annulus {130} and mto ports {133} of lower mandrel {43} to exit FRA {18}
through bore {63).

{10} may bikewise be configured to partially or fully close How passages (75}, The amphiude of
the vibrations created oy the FRA {10) ts significantly affected by the extent the flow passages

(75) are closed. A plurality of flow passages {(75) i upper mandrel (40) are shown in the

10
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drawings, bt FRA (10} may have an apper mandrel {40} with only one flow passage {733 and

the How passages (73) mayv be of any size, orlentation or shape.

. L

FIGS. 6 through ¥ show examples of a flow-limiting device {(140) m a vanety of
configurations. The shape, size, geometry, matenal, and other physical, chemical, and or
electrical properties of the flow-limiting device (140} may vary as desired, based on the
application for which the FRA (10) will be utibzed. Typically, the flow-limiting device (140)
wiil have restricting onfice (150), a plurality of recesses (200} for aftipang shear screws or pms,

and annular recesses {208) for sealing nings, and an interior surface (210).

FIG. 6 15 an embodiment of the flow-limiting device (140} with a roounded or

hemispherically shaped nose (185) that simulates a ball. FIG. 7 is an embodiment of a flow-

hmiting device {(140) wih a cvimdrical nose. These shapes are merely a few examples of
possible geometnies that may be used for the How-hmiting device (140} and thev are not
mntended to restrict the scope of this mvention.  The {flow-limiting device (140} may also
meorporate a separate, removable nozzie or orthice {(not shown) allowing the operator 1o adjust
the bore of restricting orifice {150).

A ball or dart pumped from the surface is required to activate a number of downhole
tools. These ball or dart activated tools vary widely depending on the apphication. Ball or darnt
activated tools are uwsed iy both drilling new wellbores and m performing work i existing
wellbores. In typical ball or dart activated tools, the balls or darts are used 1o open or close (plug
o) a port or fhad passage, 1o shift a sleeve or collet, or (o shear a piston or device held in place
with an attachment mechamsm such as shear screws, shear ping, fictional fithing, collets or the

like.

11
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When the flow-limiting device (140} of PRA (10} 13 used to serve as a ball or dart o

activate a downhole tool running downhole from FRA (10), flow-hmiting device {(140) and the

shear screws (1435) are configured 1o allow the flow-limiting device (140} to be completely
dislodged from the fluid bore (180} of the lower mandrel (45}, Then, preferably, shear screws
(143) are used to hold the Bow-limiting device {140} m place m fluid bore {180} of the lower
mandrel (45). A ball smaller than the outer diameter of the How-himiting device (140} pumped
from surface will seat upon uxterior surtace (210) on the mterior bore of flow-lmiting device
{14 to restrict fluid How through the flow-limiting device. Pressure will incrementally increase
untit the shear screws (145} fai {shear). Flow-limiting device (140} wall then dislodge from the
thaid bore (180) of the lower mandrel (45). When dislodged, flow-limiting device {(140) will exit
central bore {B) of the pipe sirmng (P} and tlow downhole to serve as a ball or dart to achivate a
tool posiioned downhole trom the FRA (16).

The pressure required to shift the flow-linsiting device (140} can be adjusted by changing
the size, number, or material of the shear serews {(145) as 15 well known i the art. Other means
of holding the flow-limiting device (140} in place may be used such as foiction, collets, shear

rivgs, or simidar retammng devices.

-~

I the downhole tools nunning below the {ow-himiting device (140} requure a ball smaller
than the mside diameter of restricting ontfice {150) for activation, then such a ball will travel
through flow-hmitmge device (140} without seating on mterior surtace {210) and How-hmiting

device (140} remain 1w its position on Haid bore (180} of the lower mandrel (45). The smaller

ball will then travel downhole to activate a tool positioned downhole from the FRA (10).

12
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As shown in Figs. 1 - 3, a screen (30} may also be used within the bore of the upper and
tower mandrels (40} and (45} (0 extend across fhud ports (225} of upper mandrel (403 and Hud
ports {2303 and {235} of lower mandrel (45). Screen {80} may mclude end nings (220)
mcorporating seals {215). Screen (80) 15 used to reduce the size of debnis allowed into the fhad
ports (225} of vpper mandrel (40} and Huid ports {230} and (235} of lower mandrel {45). Screen
{30} may be of various types such as wire cloth or mesh, perforated metal, wire wrapped screen,
or the like and may be of anv suitable matenal including steel, stamnless steed, plastics, alominum,
or metal alloys. Screen {(80) may be ovlindrical, conical or any other suitable shape. If the Huid
circalated throogh the FRA {(10) s clean and free of debris, the screen {80) may not be necessary.

FIG. 9 diustrates FRA {10} attached to pipe string (P} in a vertical wellbore {WB). Fluid
operated by circulating pressunized fluid (F) through the bore {(B) of pipe string {P). The FRA
{10) can be operated with the valve {30) and shifter {353} m any position. The sequence of
movements of the valve (30} and the shifter (33} during operation is illustrated 1 FIGS. 2
through 3.

n FIG. 2, the valve {50} &5 in 1ts lowermost position while the shifter (35) 18w its
uppermost position. In this position, shoulder (255} of valve {50) 15 coincident with shoulder
(250} of lower mandrel {453 and shoulder {285) of shifter (55} 13 comcerdent with shoulder {290)
of valve {50} as shown m FIG, & At thus point fhad will travel through ports {225) of upper
mandred {45) mto ports {(90) of valve (50 to pressurize cavity {95), and force shifter (55) to
{200} of valve {30}, as shown m FIG. 3. Simultansousty, fluid s displaced from ;:mfi_-t;}:" ( £15)

through port (1203 into ansulus (130},

13
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In FIGS. 2 and 3, flow ports {73) of upper mandyel (40} are open 1o anmulus { JG} Fhud

{F} travels downward through annulus {130} and o ports {135} of lower mandrel (45} then

extting FRA (10) through bore (65). Referrimg to FIG. 3, pressunized fluid will travel through
ports {235} of lower mandrel mto cavity (300}, then through ports {105} mto cavity (305} of
shifter {35} into pathway (275} The pressurized fluid will separate shoulder {255} of valve {50}
from shoulder {2530} of lower mandrel (453} and move valve {50) upwards. As valve {50} travels
upwards, siouider {260) of valve (50) contacts shoulder {265} of shifter (85}, causing shifter (83)
O MIOVE GpwW ards ¢ as well, While valve (50) moves upward, fud 13 dlapiaccd from cavity (160]

through port (280} and {100} into anmudus (130).

ﬁ

This spward movement of both valve (50} and shifter {55) continues until shoulder (240)

passages {75) by valve {50). Fhind passages {(75) will reman closed until such time that shifier
(35) travels upwards fully and until valve (50) begins to move downward., Upstream pressure m

pipe {P} rises as the How of flwmd through passages {73} s restricted. In thas position, pressunzed

thod will travel through ports (120) and {260} into cavity {(115) and separate shoulder {265} of

shifter {35} from shoulder (260} of valve (30), moving shatter (55} vpwards. Shafter (55 travels

upwards untit its shoulder (285} contacts shoulder {290} of valve (50). Now, both the valve {30
and the shifter (35) are m the uppermost positions.

When both the valve (50 and the shifter {53) are in the uppermost postiions, pressunzed
thad then travels through passage (230) wnto cavity {(300), then through ports {105) into cavity
{3035}, on through port (280) where the pressurized thad separates shoulder (240} of valve {30}

from shoulder (245} of upper mandyel (40} causing the valve {30) to travel downward. As valve

(S0} travels downwards, 1t moves shifter (55) downwards as well bringing the FRA (10) back to

14
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the position ilostrated w FIG. 2, relieving pressure through flow ports {73), and completes one

tull reciprocal cyele.

The frequency at which each cvele operates depends on several factors, This factors
mctade fuid flow rate, stroke lengths of the valve (50} and shifter (85}, fhud pathway and port
dimensions, the variable volumes of cavities {155} and (160) created between both the upper and
lower mandrels (40} and (43}, respectively, and valve {50), and the varable volumes m cavities
{95} and {1135} between the valve (30) gnd the shifter (55). The fluid introduced through the

housing central bore may be a Hquid, gas, or a combination of hquid and gas.

-

opened or closed, A plurahty of hud passages (73) are shown m the drawings, bat one or more
tluid passages {75) may be utilized and the thud passages {(75) may be of any size, onentation or
shape.

The FRA (1) described can be modified or adjusted prior to 118 use (o increase 1s
effectiveness based on a predetermined fluid flow rate. Specifically, the frequency at which the
FRA (10) creates pulses in the column of drilling fluid can be set to achieve optimum resulis,

The FRA {18) will be mamdactured without parts contammng rubber or rubber sabstitutes
or synthetics, such as those parts used with downhole nuid motor power sections {often referred
to as Momean pumps). These power sections tvpicallv have a rubber lined stator 1o form seals
onto @ rotor causing rotation when fluid 18 torced through the assembly. This rubber 1s negatively

atfected by elevated wellbore temperatares, many types of drnlling Huids and chemicals, debris

in drilling fluid, aitrogen and other additives to the wellbore.  Such rubber often fails or

15
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disintegrates when a tool s downhole causing expensive and time~-consunung Hips into or out of
the wellbore.

sections. Such reduction in length 1s especially tmporant when the FRA 15 utilized in codd tubmg
and or work over applications.

{The FRA (10} may also be used with a shock sub or other devices utthzed to mcrease the

axial movement of a pipe string. Sach devices ave primarily used when runmng jomted pipe.

The FRA (10) described may be utilized i piping systems other than that of & wellbore
or oitfield application. For example, the FRA {(10) may be used m the cleaning of pipes in a
pipeline or i prping systems such as those utthzed in a refinery or chemical plant.
any apphication where a flad s being pumped throogh a condutt and where there 18 a need to
reduce the friction between the condwi and the bole 1 whach the conduit 15 travelimg through.

It 15 thought that the FRA {10} presented and i3 attendant advantages will be understood
from the foregomg description. It will be gpparent that vanous changes may be made m the
torm, construction and arrangement of the parts of FRA (10) without departing from the spirit
and scope of the invention or sacrificing all of its material advantages. the form described and

histrated are merely an example embodiment of the invention.

16
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CLAIMS
t clamm:
{. An apparatus for vibrating a pipe stning 1n a well bore comprising

(a} a pipe stning positioned in a well bore, said pipe string having a longitudinal fhud
hore;

(b) a column of thud in said longitudinal thad bore of said pipe string;

(c} a {ongitudmally extending tubular housing, said housing having a cenfral bore with a
ﬂ.uid'-ee:ntry and g Hud exit, said fluid entry and fhoaid exat of said housing in fluid COnUNURICalion
with said longitudinal fluid bore of said pipe string whereby floid from said pipe string fhad
columin circulates through said housing:

(d) stattopary mterconnected upper and lower tubular mandrels posstioned in sad
housing, said upper and lower tubular mandrels having mterconnected longitudinal fhud bores,
said {ongitudmal flurd bore of said upper mandrel in flwd conumunication with said thuid entry of
said housing and sawd fongitudinat fhsd bore of sand lower mandrel in Hotd commumcation with
sard fhud exut of said housing;

(e} a fluid passage extending from said longiudinal fluid bore of said upper mandrel;

() a concentrically positioned reciprocatable tubular valve shdably enpaged around said

- q,“_ A

upper mandrel lower mandrels;

{2} a concentrically postitoned reciprocatable tubular shifier shidably engagable with sad

tebular valve around said upper and lower tubudar mandrels:

() thad circulating through said housing, said Hud creating fhwnd pressure whereby sand

shifter reciprocates longitudinally along said npper and lower tubular mandrels o move said

valve longitudimally glong said upper and lower tubudar mandrels to open and close said upper

17
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mandrel fhad passage and thereby creating a thad pressure mmpulse in said fhoad cobuon

vibrating said pipe string.

2. The apparatus for vibrating a pipe steing in a well bore recited in claim | wherein said shifter

3. The apparatus for vibrating a pipe string mn a well bore recited in clamm 2 further comprising a

flow-limiting device i said lonptiudinal fluid bore of said lower mandrel,

4. The apparatus for vibrating a pipe string in a well bore recited in claim 3 wherein said flow-

lumiting device may be disengaged from said lower mandred to cnculate through said pipe string.

S. The apparatus for vibrafing a pipe string i1 a well bore recited m claim 4 wharem said flow-

lmting device serves as g dart to activate a downhole tool.

6. The apparatus for vibrating a pipe string m a well bore recited in clann 3 forther comprising a

screen within said central bore of said upper and lower mandrels.

7. The apparatus for vibrating a pipe string i a well bore recited in claim 3 wherein said flow-

Emiting device allows the passape of a ball for activating a downhole tool.

18
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8. In combination with a pipe string positioned in a well bore, said pipe string having a having a
fongitudimal flutd bore contaming a circulaiing column of fluid, an apparatus for vibrating saud
pipe siring 10 said well bore comprising:

(a} a longitudinally extending tubular housing, said housing having g central bore with a
fluid entry and a flaid exit in fuid communication with said longitadinal fluid bore of said pipe
String;

(b} stationary mterconnectied upper and lower tubular mandrels posttioned i said
housing, said upper and lower tubular mandrels having interconnected longitudinal fluid bores in
thad communication with said fluid entry and said fhad exit of satd housing

(¢} a thad passage extendmyg from said longitudmal flud bore of said upper mandrel;

() a tubular valve shdably engaged around said upper mandrel lower mandrels;

(e} tubular shifter shidably engagable wath said tubular valve around said upper and lower
tubular mandrels whereby said shifter shides along said upper and lower tybular mandrels
response 1o fld flow in said circuldating Hluid column to mtermutingly engage and shde said
valve along said upper and lower tabular mandrels to open and cloge said  extendmnyg floid

passage.

@, The apparatus for vibrating said pipe string recited i claim §, further comprising:

satd valve: and

(b} wherein said plurghty of flow ports and the positioning of said upper and lower

tubular mandrels, said shifier, and said valve within said bousing create flow channels and
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armular spaces directing said fhad through said housing, thereby causing said shifter and sawd

valve to reciprocate along said mterconnecied upper and lower mandrals.

»

10, The apparatus for vibrating said pipe string recited in claim 9 wherein said fluid flow
throush said fluid passage in said upper mandrel 18 interrupted by reciprocation of said shufter

and smd valve.

11, The apparatus for vibrating said pipe string recited in claim 10 wherein said upper tobular
mandrel has a plarabty of fhud passages extending from said longtadingl fluid bore of sad

upper mandrel.

12. The apparatus for vibrating saxd pipe string reciied m claun 11 wherem changing the size oy
shape of said plurality of fluid passages m saxd upper tubular mandrel changes the quantity and
direction of smd thad flow through said housing and said mterconnected upper and lower

mandrels.

13, The apparatus for vibrating satd pipe string recited 10 claim 12 further compristng a flow-
limiting device retamed i said longiudinal thuid bore of said lower mandrel.

14, The apparatus for vibrating said pipe string recited i clann 13 wherein said flow-lmiting

device may be disengaged from said {ower mandrel to cirenlate through said pipe siring.
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1S, The apparatas for vibrating said pipe string recited in claim {4 wherein said Sow-lmiting
device 15 retained i said longatudinal thud bore of said lower mandrel by shear ping or by shear

SCTEWS,

16, The apparatus for vibrating sad pipe stning rectied i claim 15 wherain said flow-Hnting

device servex as a dart 1o activate a downhole tool.

17, The apparatus for vibrating said pipe string recited in claim 16 further comprising 8 screen

withm sad central bore of said upper and lower mandrels.

18, The apparatus for vibrating said pipe string recited in claim 13 wherein said flow-limiting
device allows the passage of a ball for activating a downhole tool.
19, A method for vibrating a pipe string i a well bore comprising the steps of:

{a} providing a vibrator apparatus comprising: (1) a longitadinally extending tobular

housing, said housing having a central bore with a fluid entry and a flaid exit in fhuid
communication with said longitndinal fluid bore of said pipe stiing; (it} stationary mterconnected
upper and lower tubular mandrels positioned m said housing, said upper and lower tubular
mandrels having mterconnected longrtudinal thud bores in flud communication with saxd fhad
eniry and said fhuad exat of sawd housing; {1} a fhad passage extending from said longitudinal

fluid bore of satd upper mandrel; {iv) a tobular valve shdably engaged around said upper

mandre! lower mandrels; {v) a tubular shifter slidably engagable with said rubular valve around
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said apper and fower tubular mandrels whereb y saud shifter slides along said upper and lower
tubular mandrels;

(b} attaching sard housing to a pipe string having a longitudinal bore in conymunication
with said houwsmg flud entry and said bousing thad exit;

(¢} introducing a flutd column mn said longtudinal bore of said pipe string;

() pomping said floid m said fhad colmn whereby thad enters saird vibrator apparatas
at said housing Hud entryv and exits said housing through said hovsing fluid extt

{2} shifting said shifter with said pumped fluid to engage sald valve, said engagement

causmyg said valve to reciprocate on satd upper and lower housing m response to said fhud How;

and
() opening and closimg said fluid passage in said upper mandrel 5 mterrapted by
reciprocation of said shifter and said valve and thereby creating pulses m said pipe stnng flad

colynmn and triction reducing pipe string vibrations.

20, The apparatus for vibrating said pipe string recited in claim 19 further comprising g flow-

lmiting device retained i said longitudinal fhad bore of satd lower mandrel

22
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